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Accepted 17 July 2016Objective: Spondylolisthesis can be treated by transforaminal lumbar interbody fusion (TLIF) and posterior lum-
bar interbody fusion (PLIF). The effectiveness of both techniques is assumed to be equal. TLIF may have advan-
tages over PLIF concerning complication rate, blood loss, surgical time and hospital duration. In order to verify
these assumed advantages of TLIF we retrospectively compared a case series of patients that have undergone
TLIF or PLIF surgery for lumbar spondylolisthesis in our hospital.
Methods: 96 patients with spondylolisthesis (isthmic or degenerative)were analysed. Patient characteristics and
surgical details were recorded.
Results: TLIF procedures were associated with signiﬁcantly shorter surgical time. Overall complication rate was
25%. There was no difference in blood loss, hospital duration or occurrence of postoperative pain.
Conclusion: In this case series, TLIF was associated with shorter surgical time. Other assumed advantages of TLIF
could not be veriﬁed in this retrospective patient series. Further prospective research is needed to conﬁrm these
results.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Spinal instability caused by lumbar spondylolisthesis can lead to in-
termittent neurogenic claudication, lumbar radiculopathy and low back
pain. If conservative measurements fail or if patients develop neurolog-
ical deﬁcits, surgical treatment by decompression and instrumented
spinal fusion is more frequently considered: in the US, the national bill
for instrumented spinal fusion increased 7.9 fold between 1998 and
2008 [1].
Classically, posterolateral fusion with pedicle screw ﬁxation is per-
formed, combined with interbody fusion surgery. The rationale for
adding lumbar interbody fusion surgery is to improve fusion [2,3],
thereby restoring balance and redeeming stability [4]. Different fusion
techniques have been developed, including transforaminal lumbar
interbody fusion (TLIF) and posterior lumbar interbody fusion (PLIF)
(Figs. 1 and 2) [5,6]. Most spine surgeons are familiar with both and
technical difﬁculty is similar. The unilateral approach to the interverte-
bral disc is a theoretical advantage of TLIF, based on a number of items
[6]. First of all, the a priori chance of damaging nerve or dural sac isKunder).
. This is an open access article under50% less in TLIF. Secondly, in TLIF one facet joint remains unaffected
while in PLIF both facet joints are involved in decompression necessary
to place interbody cages. Thirdly, TLIFmay affect themusculoligamentous
complex of the lumbar spine to a lesser extent. Data from retrospec-
tive patient series suggest that TLIF may require less surgical time
and is associated with less blood loss and fewer complications
[7–9], while effectiveness of both techniques on back and/or leg
pain is equal [4,8,9].
TLIF may thus be as effective as PLIF, technically equivalent and the-
oretically safer, suggesting that TLIF is a better technique to treat the in-
stable lumbar spine.
2. Material and methods
All patients that underwent single level TLIF for lumbar
spondylolisthesis in our hospital between January 2011 and December
2014 were retrospectively analysed. These TLIF patients were matched
with PLIF patients, matched on indication for surgery, grade of
spondylolisthesis, age and BMI. Surgery was always preceded by explo-
ration of non-surgical interventions such as physical therapy or analge-
sics. Exclusion criteria were: b18 years at time of surgery or other spinal
disorders (trauma, scoliosis, tumour or infection). Patient data werethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Schematic representation of lumbar spine demonstrating the area of bony removal
and route of access to the intervertebral body space. (Top)medial box represents area and
access for the PLIF procedure; (bottom) lateral box represents area and access for the TLIF
procedure.
(Reprinted from “Comparison of low back fusion techniques: Transforaminal lumbar
interbody fusion (TLIF) or posterior lumbar interbody fusion (PLIF) approaches” by Cole
CD, McCall TD, Schmidt MH, Dailey AT, (2009.) Curr Rev. Musculoskelet Med 2:118–126.)
Table 1
Patient characteristics.
TLIF PLIF Total p
value
Number of patients 48 (50%) 48 (50%) 96 –
Gender Male 17 (35%)
Female 31
(65%)
Male 23 (48%)
Female 25
(52%)
Male 40
(42%)
Female 56
(58%)
0.214
Age (in years) 58 (18–80, SD
13)
58 (18–78, SD
12)
58 0.917
BMI 28 (19–43, SD
5)
27 (19–37, SD
4)
27 0.842
Smoking 40% 38% 39% 0.834
Previous back surgery 38% 31% 34% 0.519
Indication for surgery
Isthmic
spondylolisthesis
16 (33%) 16 (33%) 32 (33%) 1.000
Degenerative
spondylolisthesis
32 (67%) 32 (67%) 64 (67%) 1.000
Grade of spondylolisthesis
Grade I 38 (79%) 38 (79%) 76 (79%) 1.000
Grade II 10 (21%) 10 (21%) 20 (21%) 1.000
Operated level 0.515
L2-L3 1 (2%) 0 (0%) I (1%) –
L3-L4 7 (15%) 7 (15%) 14 (15%) –
L4-L5 30 (63%) 26 (54%) 56 (58%) 0.408
L5-S1 10 (21%) 15 (31%) 25 (26%) 0.245
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age, body mass index (BMI), smoking habits and history of previous
back surgery were assessed (Table 1). Surgical details including surgical
time, blood loss, operated level and dural tear, as well as postoperative
details including infection, hematoma, hardware failure and neurologi-
cal deﬁcits, were recorded. Medical complications as pneumonia or uri-
nary tract infection were evaluated and referred to as ‘medical other’.Fig. 2. Schematic representation of lumbar spine demonstrating the angle of interbody
graft insertion for the PLIF procedure (top, medial) and TLIF procedure (bottom, lateral).
(Reprinted from “Comparison of low back fusion techniques: Transforaminal lumbar
interbody fusion (TLIF) or posterior lumbar interbody fusion (PLIF) approaches” by Cole
CD,McCall TD, SchmidtMH, Dailey AT, (2009) Curr. Rev. Musculoskelet. Med. 2:118–126.)The presence of leg and/or back pain, deﬁned as: yes/no, was recorded
pre-operatively and two months postoperatively. Follow-up was done
at two, six or twelvemonths. Long-term fusionwas not evaluated by ra-
diological exams.
2.1. Operative methods
All patients were operated after receiving antibiotic prophylaxis
under general anaesthesia in prone position. A midline posterior ap-
proach was performed, exposing posterior lumbar elements including
facet joints. Poly-axial pedicle screwswere placedbilaterally, usingﬂuo-
roscopy or frameless navigation. In case of spinal canal stenosis, the cen-
tral part of the spinal canalwas decompressed by laminectomy. For TLIF,
unilateral exposure to the intervertebral disc was assured by total uni-
lateral facetectomy, decompressing the descending and leaving roots.
For PLIF, bilateral access to the intervertebral disc was assured by resec-
tion of the pars articularis inferior and partial resection of the pars
articularis superior of the facet joint, decompressing descending and
leaving roots bilaterally. Subsequently, the intervertebral disc was re-
moved and endplate cartilage was prepared to provide a host bed of
bleeding subchrondral bone for placement of the cage(s). Using trial
cages, appropriate cage size and position were determined. Deﬁnite
cage(s) were packed using morcellized autologous bone from resected
elements. For TLIF a banana shaped cage or a rectangular cage was
used, based soley on the surgeons' preference. Morcellized autologous
bone was inserted in the intervertebral disc space as scaffold for fusion.
Two titanium rods interconnected the poly-axial screws. The wound
was thoroughly irrigated and closed in several layers without suction
drainage. All patients received postoperative analgesics adjusted to
their needs and antithrombotic prophylaxis. All patients followed a
standard mobilisation programme, including physical therapy. They
were advised to mobilize with brace support for a period of 6 weeks
postoperatively. (Fig. 3).
2.2. Statistical analysis
Datawere processed and analysedwith the Statistical Package for the
Social Sciences (IBM SPSS Statistics, v22 for Mac). Before testing the fol-
lowing data were stratiﬁed: age under and over 57 years (57 being the
mean in both groups), BMI in normal weight (BMI under 25),
Fig. 3. Preoperative T2-weighted MR images of lumbar spondylolisthesis (A), postoperative lateral (B) and anteroposterior (C) plain radiographs with a single cage inserted with TLIF
technique. Preoperative T2-weighted MR images of lumbar spondylolisthesis (D), postoperative lateral (E) and anteroposterior (F) plain radiographs with two cages inserted with PLIF
technique.
66 S.L. de Kunder et al. / Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 5 (2016) 64–68overweight (BMI 25–30) and obese (BMI over 30). Data were tested for
normal distribution using Kolmogorov-Smirnov and Shapiro-Wilk Tests.
All data were normally distributed, hence classic t-testing was used to
compare means between two groups and Chi-square test was used to
compare percentages. Values represent means with their respective
range and standard deviations, or percentages. Differences between
treatment groups were established with a statistical signiﬁcance of
p b 0.05.
3. Results
3.1. Patient characteristics
We included 96 patients (Table 1). 48 TLIF patients were matched
with 48 PLIF patients, matching was based on; indication for surgery,
grade of spondylolisthesis, age and BMI. Gender, age, BMI and smoking
were similar in both groups. There was a female preponderance, espe-
cially in the TLIF group. Patients with a history of previous back surgery
were slightly overrepresented in the TLIF group, albeit not signiﬁcantly
(38% vs. 31%, p = 0.519). Indication for surgery, degree of
spondylolisthesis and operated level were also similar in both groups.
3.2. Surgical details
Surgical details are summarized in Table 2. The intraoperative blood
losswas similar for both procedures (485ml vs. 590ml, p=0.202). TLIFTable 2
Surgical details.
TLIF
Intra operative blood loss in ml 485 (150–1700, SD 355)
Operative time in min 145 (54–272, SD 52)
Days hospitalization 6.2 (3–15, SD 3)was associated with signiﬁcantly shorter surgical time (149 min vs.
182 min, p = 0.005). Duration of hospitalization was similar for both
procedures (TLIF 6.2 days (3–15, sd 3) vs. PLIF 6.4 (4–25, sd 4), p =
0.748).3.3. Complications
Complications are summarized in Table 3. Complications occurred in
23 patients (24%), of which 23% in the PLIF group and 25% in the TLIF
group. Infection occurred less frequent in the TLIF group (2% vs. 6%),
while medical other complications as pneumonia or urinary tract infec-
tion occurred more frequent in the TLIF group (8% vs. 2%).
Higher BMI, age N 57 years old, smoking habits, operative time and
blood loss were not associated with more frequent occurrence of
complications.3.4. Pain
For 90 patients (92%) data on the occurrence of postoperative pain at
two months were available.
Presence of leg and/or back pain was recorded pre-operatively and
postoperatively, see Table 4. Pre-operatively, the occurrence of back
pain was more frequent in the PLIF group. At two months postopera-
tively there were no differences in leg and/or back pain. A great reduc-
tion of occurrence of both leg and back pain was seen in both groups.PLIF Total p value
590 (150–1600, SD 327) 533 0.202
177 (75–286, SD 56) 161 0.005
6.4 (4–25, SD 4) 6.3 0.748
Table 3
Complications.
TLIF PLIF Total
Total complications 12 (25%) 11 (23%) 23 (24%)
Infection 1 (2%) 3 (6%) 4 (4%)
Hardware failure 2 (4%) 2 (4%) 4 (4%)
Neurological deﬁcits 0 1 (2%) 1 (1%)
Hematoma 0 0 0
Dural tear 5 (10%) 4 (8%) 9 (10%)
Medical othera 4 (8%) 1 (2%) 5 (5%)
a Urinary tract infection or pneumonia.
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We have retrospectively analysed a case series of 96 TLIF and PLIF
patients. Several non-randomized studies and one small randomized
controlled trial comparing TLIF and PLIF suggest that TLIF is associated
with fewer complications, less blood loss, shorter operative time and
hospital duration, leading to lower health care costs and an improve-
ment in quality of life [8–11]. In the last decade the demand for instru-
mented spinal fusion has increased steeply [1,12], and with an aging
population this is expected to rise further. Therefore we sought to verify
these presumed advantages of TLIF over PLIF.
In contrast to the literature we did not ﬁnd a difference in estimated
intraoperative blood loss or duration of hospitalization between both
procedures. A shorter surgical time was observed in the TLIF group.
Twenty-three patients suffered a complication, 23% in the PLIF group
and 25% in the TLIF group. The kind of complications, as infection, hard-
ware failure, neurological deﬁcits, hematoma and dural tear, were sim-
ilar in both groups. Four patients (5%) underwent subsequent surgery
for hardware failure (migrated or broken pedicle screws) and one pa-
tient suffered a permanent neurological deﬁcit (foot drop). Medical
other complications as pneumonia or urinary tract infection occurred
more frequently in TLIF group. Both techniques reduced the occurrence
of back pain, and reduced leg pain evenmore. We expect the efﬁcacy of
both techniques to be even higher at later time, because healing is not
complete after only two months.
Comparing our series to other reported series, we observe some sim-
ilarities aswell as somedifferences [7,8,13]. Less blood loss for TLIF is re-
ported by several authors. However, we did not found a signiﬁcant
difference in blood loss between both procedures [9]. Possibly we did
not ﬁnd statistical signiﬁcance due to the small sample size, because
we found485ml for TLIF and 590ml for PLIF. Earlier reported signiﬁcant
differences were also in the range of 100–200 ml [9,11,14].
Previously published complication rates, vary from 9% (TLIF) [7,13]
to 29% (for PLIF) [8]. Our overall complication rate of 24% is in accor-
dance with these reported rates. The relatively high complication rate
we reported depends on our deﬁnition: we included intra-operative,
early and late postoperative direct surgical related complications as
well as ‘medical other’, while others only reported major complications
(e.g. neurological injury) or described early and late complications sep-
arately [7,8,13]. We still feel both procedures are safe and acceptable,
since most complications were of passing nature and only four patients
required repeated surgery. Patients satisfaction concerning painTable 4
Occurrence of pre- and postoperative pain.
TLIF N=
43
PLIF N=
47
Total N=
90
Pre-operative back pain 25 (58%) 37 (77%) 62 (69%)
Pre-operative leg pain 40 (93%) 42 (89%) 82 (91%)
Pre-operative leg and back pain 23 (54%) 33 (70%) 56 (62%)
Postoperative back pain at two months 8 (19%) 9 (19%) 17 (19%)
Postoperative leg pain at two months 5 (12%) 4 (9%) 9 (10%)
Postoperative leg and back pain at two months 2 (5%) 1 (2%) 3 (3%)reduction was similar as reported in a number of prospective studies;
both techniques effectively reduced leg and/or back pain [2,15–18].
TLIF patients spent less days in hospital than PLIF patients in one
study [4], a difference we did not observe. This is explained by the fact
that our patients all enrol in standard mobilisation programmes requir-
ing the same number of hospitalization days for both procedures [7,8].
Also it is hypothesized that TLIF increases the approximate biomechan-
ical stability more compared to PLIF and reduces stress at the cage-
endplate interface better thereby maintaining spinal alignment [19,
20], which could inﬂuence long term outcome. In our study, two types
of TLIF cages were used, banana shaped and rectangular, but no sufﬁ-
cient data were available on (long) term fusion or patients' satisfaction.
Our study has a number of limitations. It was a retrospective study
with a probable bias in patient selection. To obtain homogeneous pa-
tient groups and to reduce bias due to confounding, we matched the
data of TLIF patients with similar PLIF patients, matching was based
on; indication for surgery, grade of spondylolisthesis, age and BMI. The
size of the patient group was not sufﬁcient to obtain statistical signiﬁ-
cant differences, and subsequently conﬁrm or deny advantages over
one technique over the other.5. Conclusion
In this study TLIF is associatedwith shorter operative time compared
to PLIF. Other presumed advantages could not be veriﬁed in this retro-
spective patient series. A randomized controlled trial of sufﬁcient size
is needed for further investigation.References
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